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ABSTRACT

The work embodied in the thesis provides a systematic study to develop Au nanoparticle-based
Pickering interfacial catalysts (PICs) and their application for hydrolytic oxidation of secondary
organosilanes to afford the synthesis of 1,1,3,3-tetraorganodisiloxanes, (HRRSi).0 (R, R = alkyl/
aryl). During the course of this work, we have examined plasmon-induced photothermal effect
arising from excitation of surface plasmon resonance of AuNPs under visible light irradiation and
its implication in the catalytic reactions under study. The thesis is divided into five chapters.
Chapter | provides an overview of literature dealing with the synthesis and reactivity of linear/
cyclic organosiloxanes bearing Si-H/ Si-vinyl/ Si-OH/ Si-OR groups. Chapter 1l relates to a
detailed description of synthetic procedures and characterization methods being followed in the

present study.

In chapter 11, the study provides a simple and viable approach to construct AuUNP-based Pickering
interfacial catalysts. The method relies upon initial synthesis of AuNPs tethered with cyclic
[RSCH2CH:SiMeOQ]4, [R = CH2CH20H (1); CH2CH2COOH (2)] in chloroform. Upon addition of
water, the NPs undergo a spontaneous phase transfer from organic layer to water-chloroform
interface. This phenomenon is evident by the formation of non-coalescent water droplets dispersed
in chloroform. The biphasic systems thus formed are designated as Pickering interfacial catalysts,
PIC-1 and PIC-2. Chapter IV is devoted to a detailed study on the efficacy of the Pickering
catalysts towards hydrolytic oxidation of organosilanes. As a case study, the reaction of
methylphenylsilane was performed with 0.01 mol % of Au (PIC-1) catalyst by varying the
conditions as: 25 °C (dark, ambient light and 680 nm LED source) and 80 °C (dark and ambient
light). While the catalyst is found to be inert in the absence of light at 25 °C, the reaction proceeds

smoothly upon illumination with ambient light as well as 680 nm LED source. A significant

iv



increase in the catalytic activity is observed at elevated temperature (80 °C). The results
suggest that the activity of the NPs at 25 °C is enhanced by photo-induced phenomenon
(photothermal effect) which results from plasmon excitation of AuNPs under light irradiation. It
is well-known that an underlying mechanism of plasmonic catalysis involves efficient conversion
of the absorbed energy into heat, resulting in elevated temperature in the vicinity of the
nanoparticles. The catalyst is found to be selective to afford the formation of 1,3-dimethyl-1,3-
diphenyldisiloxane, (HMePhSi).O, as the major product alongwith minor amount (< 5%) of
MePhSi(OSiMePhH).. The method finds a wide substrate scope and offers a promising
route for the synthesis of various 1,1,3,3-tetraorganodisiloxanes, (HRR!Si),0, (R = Me, Ph; R?
= Ph, n-Hex, n-Oct, cyclohexyl, PhMe:SiCH2CH2, 2-ThMe2SiCH2CH; Th = thienyl). The
Pickering interfacial catalyst PIC-2 is relatively less stable during the catalytic event. In a follow
up study, we have examined the reactivity of (HMePhSi)2O and (HPh2Si),O towards
hydrosilylation as well as dealkylative coupling reactions with appropriate substrates. The study
has led to the synthesis of functionally-substituted disiloxanes as well as linear oligosiloxanes
bearing varying substituents on the silicon atoms. The work presented in chapter V deals with the
synthesis of siloxane-modified polyisobornylmethacrylate (PiBMA) and polystyrene (PS) of
compositions, PiBMA3s5-MeeSiz02-PiBMA3zs, PiBMA2g-(n-HexMeSi)20-PiBMA2g,  PSss-
MegSiz02-PSs3 and PSzs-(n-HexMeSi).0-PSze by atom transfer radical polymerization (ATRP)
approach. The composition of each polymer has been established by *H NMR and gel permeation
chromatography studies. The polymers show a strong affinity for aggregation in selective solvents
and adopt a spherical morphology in the size domain of 100-300 nm irrespective of the nature of
the organic segments (PiBMA or PS). This approach has been utilized further to construct polymer-

AUNP hybrid assemblies, featuring nano spherical morphologies.



RYr-ar

NIT #F afdea FF Au AadifiEwear (AuUNP)-3memRa RRer sexhi@aer 3¢9t (PICs)
fTfld & 3R Areaf@s AnEEEesa & gsgaies Jadawor & o 30% gieT
@1, 1,1,3,3- ERiPAER—ARAFd, (HRR'SI),0 (R, R' = 3chgd / 3RSe) & V0T
& AU U cgafeyd 3egae Ueld aRdl gl 39 &1 & ek, g7 2T ahrer fafeeor &
AT AUNPs & HAE TollEHIeT 371G & Sedolall 3R 38d AT & 3cueel careaAl
IR BICIUFA THG FI ST 3cUeh ITAfhdiit & 3regaeT & &f gl N{T &t o= srearar
# qier 1 gl eIy | Si-H/ Sivinyl/ Si-OH/ Si-OR &Hg drd @ /| whiy
A AFed & Tevor iR gfafkareiedr @ Teefad Tifgcy &1 v eadisd
Tl YT &1 AT || TAATT TG H Ieqarioled HiAA Yishansit 3R aReeor et
& faEqga fevor @ d@afd &

AT Il A AR 3eTTA, AuNP-3TETRT [AhReT Scxthfader 3ced de0e & fav e
Wer 3N cAEEE TREHUT ol war &1 [, FoRwdE & wha addeaed
[RSCH,CH,SiMeOJs, [R = CH,CH,OH (1); CH,CH,COOH (2)] & 3ieIsfeid AuNPs &
IRIAS TAYUT W IR HIdT &1 3T Fidissd Fodd H g Ao W, AuUNPs Ffaes
WA @ UTeA-FARIBIH SEIHH oTeh Uesh Hgol TROT GEAROT H ToRd 8| I§ Tl FARIBIA
H el I-rorde Tl FHT & & 76T & TIC g1 FH ThR Sells IS GIaUaiEen caedr3it
FI OeRer SeThBIT 3H, PIC-1 3R PIC-2 & &7 F AHifhd fhar s/ g1 3eary
IV 3PTANES T & gealesfce JTFAIor HI 3R AHRT 3RS HT IHEGHIRTT W Th
faeqa sreaas & fov gAfld &1 v 0 €& & ®9 A, Augafhageasdd (MePhSiHy)
%1 gfafshar @I 0.01 mol % Au (PIC-1) 3¢ & @y aRfEUfdat & et & 3gar
forar arr o 25 f3aft afcaza (3reRT, gRaer gerer 31k 680 nm Tergar dia) 3k 80 f3ai
Afeaad (31ERT AR aRAer yehmen)| Siefdh 3cRe 25 B3l Afcwad w yehmr & suieafa
H AfSrg g srar &, ufafsrar aRaer gerer & arg-ary 680 nm Tesar &d & At
WA TR AT F d6ci &1 3R AT & v Seol@ely gig a0 ammeeT (80 f3air
afeaad) W @ AN Fde gara § F 25 B3 afcaad . AuNPs $r aifafafr & wie-
ARd gcaT (PIErYFd ghac) GaRT JET Sl § ot g fafeor & agd AuNPs &
CARHANT Scdolell & IRUMHATTERT gl g1 Ig 3T g ¥ A ¢ [ oreAifas 3R &
JicfAfed o & HAAMNT St T I H FHrIT FAROT M g 8, Sk TRomeETwT
AeIholl & AU & A9AA A Jig gl &1 3R F JTT 3cdre 1,3-3rafAUmge -1,3-
ShaTgISTaAS oo, (HMePhSi),0 & f#or & fau gfder urr smar g, sefs
MePhSi(OSiMePhH), AT TRT (<5%) # AAAT giar &1 i v faega fhamew
SIS Ied it & 3R [ffe 1,1,3,3- cenitemasaF=d, (HRR'S),0, (R =
Me, Ph; R' = Ph, n-Hex, n-Oct, cyclohexyl, PhMe,SiCH,CH,, 2-ThMe,SiCH,CH;; Th
= thienyl) & TIVUT & T TH TATSTAR ART YT T &1 RRRET SIBR{TA 3RS
PIC-2 3R el & aRIeT 39&Tehc e EUT §| 3fefacll 3T H, §A ETS3IAelSeIleT




1 feom & (HMePhSi),0 3R (HPh;SIi),0 &I gfafsarelierar 1 s &r 8, ary & 3uged
Sham & &1y S3tehsaiea Joas wiafshart off &1 §| 58 eag" @ fAfoehlel AT
QX IFET-3TeT TATATTAT alel HRATcHAS-IIATAT SRS dFa-d & arg-ary s
TerMATSATFI Sl TREAYUT BT 1 AT V & Yed Tohar 127 H Arseilerorar-aifad
T3 EAERATHYUHEee  (PIBMA) 3R dieieesdisT (PS) $I IT=m3i  [PiBMAss-
MesSiz02-PiBMAss, PiBMA,e-(-HexMeSi),0-PiBMA,y, PS33-MegSisO2-PSs3 and PSae-(r-
HexMeSi),0-PS;6] T TATY] §EACRUT dcd®d Sgoleheiol (ATRP) Ugfd ZaRT Heelyor &
IO &1 9 Sgeish T WA 'H AR g eee (NMR) 3R Stel IRae g
SIASITHR (GPC) 3ea%e eaRT T &1 918 &1 Sgeish heiar fAemaehi & vehfieor &
fT & AT e ffwra § 3R wefas @erede (PIBMA ar PS) @ gafa & st
glY, 100-300 nm & TR ST F Teh MR FRET AT &1 58 Tl & 39T
agerh-AUNP F{-Bagl & TAHT0T & T fohar arm & St et aererr Jmepforat 1 aeifely
gl
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